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DEVEL0140NT ANbD MRO' SRVICES
ABM=E FROVING GROND

M•flIAND

%... <a.:..L, ORDMC-RM.. Capt WVRebbick/ch/28264
7 May 1959

INVESTIGATION OF THE PRESISTANCE OF

1-INCI! ROLIE HCAOGEMO EOUS AMOC P'ATEE

OF VARIOUS EAMDIESSES TO ANTITANK MIO ATTACK (U)

First Report on Orduance Project No. TW-414-

Dates of Test: 29 July to 9 September 1958

A\3ACT (u)

TwteLty-three 1-1nch-thick rolled homogeneous steel armor plates
of various harinesses having welded crack-starters were tested against
20-1.p'zund Conpositý,.on B-]oaded land mines, at a standoff distance of 1.7
inches. A'I of th& plates were of Army armor except Six which had a
hardness level of 262 Bhn. These six.pl3ates were of STS steel usually
designated as Navy armor.

Steel blocks were used as crack-starters and each mee d 2 inches
square by 3 inches high and was welded centrally on the top surface of
the test plates by a single veld pass with a ferritic type electrode. The
welds securing the crack-starter blocks were dye-checked to insure against
the presence of weld crackIng before testings Each plate'was positioned
for test on a test facility to simulate mountino as &: floor plate in a
combat vehicle. All tests were conducted within a tmereture range of
-4o 0 F and c 0F. Damage occurriag to each plate was recorded.

U 444L!
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1. (U D.1IC

A number of tests have been conducted in the past to deterouim the
amoet of protection provi4ed by cress-rolled hcmopo.ou steel armor plate
of 1-inch thickr~ess against antitank mine blast.

This test was conducted to determito the protection provided by
1-inch-thick rolled homogneous AnWm armor of various bardkesses, and STS
(a-vy arwor) against land mine blast when Vhe plates are coditicd to low
temperatzmis* It wve expected that +1I msultts wad provide a boasis for
selecting the best hardness level for rolled steel Aimy aewr floor plates
and provide a comprison with STS (Navy armor).

2, 1 CflZ"PTINO CV AMiIEL

2.3. (C) Plate

The plates ander test cosisted of 1-inchahick cross-rolled
homogmwous steel arwr having over-all dirnsimeon of 60 by 84 inches. Six
plates ware vamilvble for testing in aeh of the hardness levels of 363,
262,t and 255 Eba jtile only fiv. plAtes vere available at the 302 Wmn
hardness level. r6 pyiceal and ch' al properties of t test plates
are listed in -tL6 manufacturer's teat report contained in APpendix F. All
plates were Army arao except the six at a hardness level of 262 Phn. These
six plates vere STS (,Navy armor).

The test plates vere numbered coosecutively on the upper left
hand corner of the photopmphsp ome through twent.y-tbe, inclusive. M
plates as referred to, in this report will be identified by those embsrt
instead of using the photographi ntbers,

The Briell hardness and plate idetificatioa oare as follows:

A~ur TpeBr',nell Hardiftiss Plate !wab,ý

Homo Rolled (ArW) 363 1 throrug 6
NOW Rtolled. (A=y 302 7 t~hroust 11

HooRle Azwy) 255 12 througU 17STS (Navy) ,262 18 thro• h 23

2.2. (U) Umd Miiss

ft land u4 s, vere molded at this insta1Ution into cylindrical
sha• measuring apprcxiately t•n. inc as in disaiter by four inhes in
be ight with an over-all eigtht of aproxiaite•.7 twnty ponds. Te manis
vere utwaaed Coaoitionm explosive, Lot NO. EOL-7-1lO

Also included in the mia wao a re. to seat a tetryl pellet,
' ~ Av

2 ~



3. DWAUES WT

3.1 (U) Procedur

A steel block mamwing 2 inches square by 3 inches V98h a placed
centrally on the top m.1"aface of the test plate &An fil3.et-volded by ,% single
pass with a ferritic type electrode around the pioil•rr of the black (SMtch
1, Appendix S). fe fillet wvids wie h mebine-ground to a moth finish
and dye checked to insure against vetd cracking.

o ther couple ler.-.s vere wvied to the bottom surface of each
test plate us-. V silver solder. The thermocouples were located at points
ap1YrodMly eleven inches in frew thi long edg, thirtaen incebs in fro the
abort edA n.a at opposite corners of the test plate (Sketch 2, Appendix B).

In additiut, ( ,,o steel rods amaring approimtely I/k inch in d ter by 3
inches iA Ls li and bent into an "S" confiamration were also wvided at points
approzlo+ttilý* ore inch from the above umstione. therocouples. These "S" ho(g
were X-laced i•4acent to the tbermcouples to aot as anchors to -ent the
",hersocoures frost breaking off at the weld duiring final hook;p (Sketch 2,
Appendix B),*

The plates woe. tested Individually in the folloving mwnr: a
test plate was placed on top of two steel beam rnsuring q&;pro telY
twelve inches sqaae by sixty inches in length, with the beis restinS On the
ground. The di±5zce betwene the t•Q instdo edges of the steel bom wve
approximtely fifty-eiGht Inches* A steel fts Voi&10 elY thre
and a half tons vas then placed on top of the test plate and squI9 ied tO infl~WO
even coverage.

Tta r m vat then finod with affroximtely 65o pounds of &Y
ice. The ice was pulverize4 by the use of a sledge bwr and spread to give
even distributlow, It is estimtoed ta approxittel' 70% of the top surface
of the test Vlate was covered by dry ice.

A tarpyulin It feet square was then pl' over the entire setup
to act a a b"lan*et to assist in lowering the tebo plate temperature.

The t- eratare of the test plate vas recorded by tb* use of a
constant teperatuwe recording device, connected to the therioconlle 1eA.s.
?or each of the plates tested, plate toiperature was lowerted 2,1 below the
actual te ature at detonation Ui± n 2tOP differential was necessary
to allow for final preparetion before detonation, Tis preparaton coinisted
of rMoval of the tarpaulin and dry ice, the placesont of the 8-ton hold-down
plate cenotral on tp of the fro, the positioning of the Win beaeth the
test plate and the final hookup of elsotrical detonating vIres.

A mine was tbon positio,*4 centaally umder the test platO in a
predug hole leaving a distance of 17 inches between the top sufWace of the
mine and bottom surface of th test plate. After. ccpletion of 9ll. ncessary
safety checks the tetryl pellet and el*ct•ica! etomating cap wsr inArted
into the mine and the uiun was than coveml vith approximUtely three inches
of loosely paked soil. Up= re of tae ev pive operat to the bbtb-
proof+, electrical detowting wvirs were coonectod to the td tin"
mAchine.

*+
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CONXID n.AL

tAerSt-re. PlAte No. 20 lsted at. -OF ruptu tut not as se zely as
scm plates intbe otw p'• wh nm tstted at -3V° saM -2001. Pu~t..
Yos. 18, 19, 21, wa 23 Me tosted at .3007 with ]plto m. 18 &hwing no
rupture, plate bo. 19 sobaing only slIght craeling, Put. No,, Z. developing
a rupture but at to an eztrem dep'e, am plate Noo P3 5 ovin no crackig.
plate NO. P2- tested at 4WF 14 ndot develop mny eactilore flA9e results ta
the groW of WS (Navy amw) p!.A+s IntScates ths is the beis,.,uterial =er
loW tkerVabn cOQditIOMs to virtaM 1n4 mine blat.e

3.3 (U) * Da• (T •% RmPt NO- 58-]PJ.,Po

lmwr hardnss rea1ings were obtained at this Installation for the
w3&Jority of the plates, pa•ticularly those of the low b uso grts, than
were reported by the amor tow hac'tre0

St results of the Charpy ispact tests prformd at APO indicatod
that the majority of plates nt or ezeed MY"peci. re--•L,0l-ua t. W7
four platos, No&. 3, a,5A, a 6 inwtha Lib harfss p, shoved Charpy
values slIghtly below the specification requtrim so

Bamd on the results of this test it is cOn that:

a. Combat vshic1, 1-inch rollead steel floor plate maWtrial of the STS
(Navy aroor) tyge proviUs better prot6 ion wen, tested at low tsqV-
rsature agast, the blast from a 20%m Coosition B laa m

than rOl % o nous Army ar at any hardness level f 255

b. te pe-formnce of the groups of plates tested at low teqaratures

against mine blast wy te rankod as follows:

wfMaerioal fttn Bbn an**$
z m Ca~ssv

262 ON8 (Navy)
2 302
3 255

363

5. (0C) -03MAsTICBS

Boaed on the results of this toot it is tkecandd that:

a. A project be inaugurated to thorouoily investigate the ,erfo-nmm-
of 1-imh M (Navy lwa) at tre. els from w*nt to
40*7 apint UJad aim blast to establish defl--tel~y Vnw this
mt, ria.!. shul bse lec.ted am a floo•r' pilate soa..

6

C~i~AUWTIA
fl-~* ~ ~ * 0*- ~ --. +- -+



CONFIDENTIAL
b. Until M (N1avy azior) has c@in definitely proves a 14stra•ba

Zloor plate material at aU service A.eqeA esIIAn roz•led
h sons aro in a haaIzss wae of 255 to 3M n be
a efor use.

Proof Officer

Chief, Armor Brrz.wCh Chief, Automotive Division

APROMD:

.A*NOBIZ
Assistant Deputy Director
fD onr bnoine Testing
Developmet wad Prof Services
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APPMfDIX A

Litter Diftetive

AZMM AND- AWITIM~ Mf3WIMMM DMMn

MOJ0OT Thu,
Armor' Proteotica Againt tM xzWS

PROJDCT -PROJICT 1Oj ~m5,1

fstMT OF TUsT, To obt., Wsomwtion an relative psrtoa ~ *t I ama'o
sovln hea~s.o lwla I^ restuing Im a~uim iftee .t aiat sad **a
$or* t4WfttWfts 0

WAIGIWNIg So test1ing has beon 4a* to obtai the 1u~it 1 zi SU-e*
oboves owevsr, varlai~to" in test ot1bou a rs~elat preausb6 ewVilag at
44tW4tRSo ooswlusloon ?M pv.,o. toots will be 1-2teir9 Ja a VA systSali@

msiwiin M effort, to obtafin e L"Ie4 121forsatetm,
1233 1W"IM T38?,

Oft pIlats 500 h* t a of emb o Mlowiftu ft1ot1, P oepw

ITS uw* -w ME 2% AMa Awgvr' M55
Atay Armor' - SM, YO AMq Armet ft

AMMC~ DAME OF ?Uff Meterlel not *Vez oa. WO.e OF R(INDS, 25a-30
for severd, WWmAs~

1U fla.. erek starter (welded blook 2x'x23*) In oo- oft isca p2 ate
to paftwu voids
39 Test ý of c eak *Pplate st emblen taeioftwe W~4 3 at

t. Plotes *11"Ie SAModm. flat on 9 steel Nowe 2" ab0ov sum .WM
b3 A )wsq freme with beveled SImtr .dtp will, be plAe& stop Vi plate

sad on top of the frmwill, be plamoe 4 a heav hold 6cwaip lx~ee
*~j' RgWillibe laoo4l11 belo th oenter of the plattewill be

1*voveve with P or losoely pecked oeil ma will be statoeally
doAvt of lteats4tman rokn, ts.sw be roord*4

do Weithte of oba"e will be, dotolimi4 previous firing ap s
It .sof r.w, will be "Just*& 4wimg It eou.me of Use test*

4. oenwa mpoft will be pvnpaewa

APM 
-/aI-4' 

-



0 m30-P4$S APO~ 0*IMO.1/537 (V5~6)

1qt, Qrd Av=* Tok-AuotmaiW Cmad, Fos Dev Dtv, Dotro1t Aroonai
OIwts Ltw MaiSMgu FEB 1. 8$9

101, CamaEndlg Owwrar1 Abexdoeb ?wovlag Cvv~md# 2h=71=ad
jTawOW-T, onwP42 31. H*. Cgemor Jr.

1. 2to gtoot avtjJJS In bsaIlp 04St47 *I*- irety autborlsedw

2., Nubs in thiý mount of $10,000 have be=, eism*- mad 7 ?bO030..
31.8002 has besforwuarde to Abiw~ Pwoin around 1.o covor th6 test
"aquizvd. Themn ftmd ife in the pplmvd project area*

30 TIs Caundu til parthaue *1w =66emy 24 Mor, P2Ats 1*%7)

6. sltwibutiou a ofam~ wd tilua r.~rts ubh14 be In veo4

C. S_. RASMUSME
V/' loci01 Assistant
Addd 2 T-441a

3. Flail RPt Di trIbAIS List

A-2



ORDNAN4CE CORPS
ABE)-at" PROVING $ROUND

MQRYýAND N oirommar/vmp/3*15
IDVz4OFirIX AM- M~OO? "$IV.CWS

~W9L 410% 1us ~ AAa ?7

SB~JDJ i Armor Ptotsot.ion At- kirt LwAxvl o '2! _1

TOs 0Qawmadime Gomr*-
f6rdamm T&O*Akutative Oamii.

Conrteir LiL-,# Michig~an

.ATTmIMO~s ORJDW-Wo =

Dot 76s 4 (1t 3 89P 95) MeH ubJ~o4 i Fiarst
Xoxow~aaport ca Aram FPott,6tion Agatut landl

Mines Vxpafiotk of ProJec'ý fl145 (U1)s Wits 1st#
2d omd 3d, izrx4ArsutGa-

be Letter 14 &a~y x95s file APO* 400.112/34248. Dot Are '
O.W'UP/AM 014 JMy 55)* 6ubj~ooto Wizfter Aauo ftlliu* \

tic ?ct, Progrea Beir ?3zg~ or Fort Churohil1,
Can&&a 1"55-56, VO ith 1Xt*_4.~~ 3d i~es*t

a. T!e1*ope. Det~oft Arson"l 9* April w"5 !2838".

d. Aberdeen Proving Qroiawi Irjrr4 Rocara Moo Ar-e1392,

14 Refirows a* taM 4. *ootai~n roemlts of tests des~iggo to
determine tho roesistezw. to cr.!ktvg eud 4efbxuatioii of _1 h~owenowuh

Arm (IS-Ivytyp ar A"- uoraaimat lair ampn attaidk t inbL-m

In~ Iioatwtte no.A to-r oosid.rabl. dd44tt~oml Itriog to no*deft-
uitely ostabitak the re'ltivo pertormanco. of the two ryp oL atil

zamI th& optimim hardmoss of ifteriA1 for t&33k flow * In hot
so mez veriables In~ teat FwO4s war eplcyad Inz an efort to
arriv, at the moat x'.yro4dwobl test abWhed &Wl twult e ri Come-
quoutly of suoh a "aris))1 3ntiiro that, definite, eooolusimsci oaziw
bwe drom from thoso datta.

go Throuh tri.al w4 error ithas bee o.bliahe that th -sot
satiAfmotoey xRthad ofmowulng h Itne fu r test is-m sham to skotob
1. Iaolosaw 10 and desribed belowt

ao A V square x 30 M&~b steel bloek is placed oenkra1ly an
1he top swftae of the 51' z71 t..t -plate MAwl jttllt weled (1,4 i
austesidtlo electrode) by a #I= jae arim ao ~ al tw the

A-3



OUJUTs Aro"r Pro~etootio A64kit lan 141mse

b. The test'plate is "st in an hwvi~t, A woI~ ith NO0
twm V sidos rosti*Mo al~~ml~2o'1 x 71 Atee SuPft
ports P3*o.4 vn the pow~4. DistwoM between h Iwo- -steel oapports
is 56 twows.

a. A st..el fromi 8'~ to prv~lde for mc4mns Plato
ilefomatlont abil soz IB-'toz hold-4own plata a l. plaood, atop, the tot

49 1o mine is soplaosd beftath :the .*Ren tc ofU1 test plate
at adisamo of170 froa top "of aime to the bottb, uawfaw of Vw

pl~ate the aixie is coves'od with thro. incbo of loose eIlt- . in

xwlub of tUw Current toatift to detoxnIn. the niii. .WplQhI,
weight re4A4Je4 to defeat Amy, -aw or Qt pwoitiation bard1*2 and.
of various tkitialiesses I rem 1,4"* through lml/2 has boon oarried out
osir4g the method jost described sail resutal* for the most part., are
oamm ift4M tot given *iV1oslv. w~ir)tt/*rmor th~cimes# acabi.mtionag

14 'It is roaawomd that tests previously oozried out lit -an
effort to cmAV~r* STS, " AnW armor mgk to ocopar. diffumnt hard-
nossaim-It At*, &wsar be aopeatotu** t41e UJ. ovs t.@huilqui. doaoribsd
above WAd mplo*uif a ami explosive Ifi~ht to be 4.tormised frcm the
Aosts -t~terred to 14 psz'saph~~ It to the opbk~ft that at les~t 3,o
wA prvtorbly 5, rialii 6boul4 be oosf'usted for eaak omibim~tion of

plat t~jie/1.t Mrn~s./wA~ toot twm%*rat~we. Par suh a pr~rm
VIe tollowing Material would be de~r~d i

Type Toot *Wber ot Plates
plat4 ~e 9.184 Amoe__

I" 50 x7 is5 IsAesbient 35
1~~z 51* 255 3bt3

le5* x71 MWK~ W ~ Oxb-seo35
1 5 x 71 Araw~ 0 A*a2m

V-4 5 x 71 ArM MI hs~o 3
10 251479 AMW M!b'iV35

AAA



3DJ~Ct Armor PrUt$tt Acaukit ZAmI mines

SoIt is estimw that tbe @001s at: Aetu tb. above plate$
mad -'o9 0#000foat tbe-ilw aS sammp. uals wA A16#00f or tb$doired sope *in* Cm~ftsa t an .arly tat* w~ioai4 toO*;PPm~ist~d
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17A

TO;Oede C ~nod~ Omnyland

BRlAZIPCUX so P38) 701i05330kwIw0022 dtd 30 Jan 57
b. L* tF±. oe An01WOL1/3Tt1N

Is Tvmamty-otow (24) p~tsts ot f ll oed aim puto. of Vaiious
bavdosus are to be shipped to AbewIs fto1ng(w *fm Luke" Steel
C04*4a~ I I march 1-9,8*

2. The tmwlri for too~n the, aft pltee is coYo.ed by ref.'me.

3. The arl&Un.~ test program, rieforoe ewb*, Is to be revised
slishtiy Mnoted belows

-a. T tpof adn 120 (COhV( B).

b-4 Crock Start. r UIeds shoul~d be, pgrawi4 w then thocked for

as JIthod of TootIng See attfched saktch for Plates 1 thaoucgh
1.Plates 5 and 6 *"e to to used as check Plates*

49 ftis office dglire* to be niotified i'n advance of scohd4aed firings
to pcrm~t attendionce tq 1,4toex.t~d persomi.l

FC* ¶'H CW40AO4Do

Sketch of Mt~ehod uf ael Bnc
of Totit4ng (in dupe) )aei~

A-6i
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Physical 'Test Lboratcry Wort

EnOInING LORATmm=
PHYSICAL TEST L0MTORT RUM

ORDBC~mmtPwLP

EZAMIINAION M~' Report No$ -

Twonty nth3g Sl=ase of Shoot 1, 2
20Wrought Aauor.wo.

($J~OT 0 flA~4ffAZO~gDates of Thi o .24IVf 5

Conducted for'~~W V. ReVip
To obtain Brinell Hardn•ss

and Charf 7aIpact Data on the Amrg Br,, Auto., L-j
Plate0.0

Project No, T&W ll~k5

D o A o. *o - 321*-218-5n. OOf"
L b 4 square plate* were

"swed from flowi out sample& fwc II415O(r.
and #uypliod to the l1boratory
for determination af the major
vowring direction.

2. The teot samples u.re macroetcbed for one hour in 50% MCL. The
major wrking direction was indioated and the samples werf returned to
the maeobns shop for uaoainig standard Cazry RP' notch speolaoens one
spoonen froxm each meip1e

3# Charpr speoimetw were cooled to -400 F fox) 30 *Inutoep and broken
an the Impaot testinig xachie, frature ratings were made on the specimen
fracture surfaaese

. Brinll hardness remdings were taken on the broken Charpy speoimens,

Tabulated rosults follows

SperY. a•-lbsp

1 22i5 25 352- 16.7217 25 361 15,00
3 1505 25 352- 16o7

U45• 25 363 15.00f16.5 23 352- 16.7UA 25 363 15.00
S36,5 200 311.+ 2594

40 100 311+ 2564



~~.A:1~a. facture,% Shear ~{

939.3 100 302 28.0
10 46 100 277- 38.4
11 381 100 31V 25.4
12 64.5 85 217-- 53.5*
13 53o5 100 .217 -- 53,5**
15 •54.5 10 229- 48.0 ""
15 100 229- 48.0
16 58 100 223- 50.7 67
17 58.5 100 23- 50."*7
18 64.5 100 241- 4.0 **
19 78.5 100 255- -. 0 3t
20 76 103 248- 40.0vO
21 80 100 241- 43, 0
22 14,65 100 241- 43 " *
23 84 100 241-Q 43.0 *

S* pe!oitfi*4 M for 1' plate -i 331-375o
Ha* ladness va1. wo- outside range given for plate up to 40, so Marp7valuos are applicable to plate 40-12" only.

SUI?.A! OF RESET ,

I.* Plates 1-6 oet the opecification hardness. requ4irement. Plates
1.- and 7-23 aet tho upooifittIon mpaect requirmfnt. Oay plates 1and
2 mct both bardness and aae t requiroenut.

SUMM70r.D APPROVEDo

L, Lo IIUDXIZSM C

wdiogratepb & NotallugOA&l 8ectU tbyolsol Text laboratory

3-2



21 006 49 ARKOi VATA CNECK SHUET OtTROIT ARSENAL

WFG. RECORD 000 FIR04~ RE1CQ01 NO.
W.PR IMRY CNtAftTLUKENa 3TEEL OOMPANY II,6DT

H L~oOR~o. DISTRICT00ESCOATEXVIULEv PA* ~ RA T SPECIPICAttCo Idl~m A 2 ~
W10/DOE51 ~L LPHUA 2# PA." Rf V 151OR 51~D~

TO I Pff TOADEPADEN PROY. *RDS. TYPE ARMOR: 00X. E
FHP~~VA RT OP~ TR A436-03 ORDr2525PRD CA~ST ROLLED- OG.

90AL 10V
P52 F ICI FURNACE; ON X ELECT*

BKNPLEt Pk HRIY RETEST CATIG ORDNANCE DISTRICT BSCA

RE PRESENTS.- 9000 -LIS. (O A~E~SELSIRCE LUKENS MTEL 00'
CASTAN 40,D O1TC ATERIAL FOR PEP

[CASTIN NO~RESEARCH & DEVELOPMENT
CIIEP~CAL COMPOSITION1 STEEL. M4ILL FRAO.TURE L'ATIA

C fkI Cr 101, No LOCAT 1-0 STVIK4OT MID,, INGOT G i'OT

-~~T --.--

6w 84RTT014 A &~

7 ____ ______ _ ____ ______ ______ _ I"OT TREATMEXT_ _ _ _ _ _ _ -

CARUIDRIZE WOMOCEUZE j N90MALIZE "ARDEN RA
Trof T190 TINP T) 0E. AT T06P ItEM yImg AT ylor 'iTo-T#NE At *IfEMP 'Ti' T109 4T YEN? COOLAINT

_____~4, -H-asia.- __ _ -Ul--

Nour No, 1040T $LAI PLATE It. 'THICK WIE RIEQ 14" ACT-uAL 9*0 HEAT TREATED FRACTURE,

U22 04~- _

PHIYSICAL PNOOPERTIES RAOIOWRAIdC INSPECTION

TEMP TT LIS X0*WXXX XWM)4AX IELON S a*w *A STNA A$EO FI*

35 5 7 M~5-11 3-~- -_ _ _

R E ;R'S01 PLAMT SHIPPED) ON:WL LE1 .4 I miZE. X~~7'60XI H PAGE' 475

'5PLATE$ SHfPF'ED ON: MELT LL22iO14 2-3 sn..ix6o x i S' HN RANGE 32V136

OALL13TIC TEST RECORD_________

1 lES ~ a~itILC IL * R0#. ACT, --

TESI - -9; W -L E IL* O_ VIL VL. RESULT -EAK

wwm- -m NO .a-----".--------.-

PIVO ACILITY SIGIATUOE5 -

X# k* fi)I4 tos an tvsw~ttr (e.4w b(Choi) or ky hand w$Mg Indio lx' (f~.w r##*rwtc4.fo.Q.



-f-- 4960.4 OPO$IAWC( OCPARTWti4T4 .e~ 0~ARM-OR DATA, CKECK WIEET OUTA-OIT AN?$NAL

HMRECORD NPIAYO'RC~ t~d
~#'G. ~. KEN8 STE L COMPA Y HIL A. RO.~1R.IP N6 DATE _ _ _ _ _ _ _

1OTS$L~ A 8 We. 'BROAD sir, s~tJTh jmA*4-2560
HjA2ELPUZA" ?,o PAo RE1is0N 1EqNu

dShI F~PE 'Y VA,; A[~ -6O4wA'X5, CAST ROLUEO foRtro-
PKMfPOE; IiU LiT ý 1 2525ý -A.Q. I -- -1_

ORf2 E I !L.;WG OROMANCE WST10 Oc$ ,A IC ACIP
((~ AASEA~j ~$TEt~iU~E KEWS STEEL-, CO

CAST'lNG NO., M4 LA. OR. W~Ak. FR! USE 0N
______ ______ _____ DEVELOPMENT~

F ~v"",wtiUR DATA
c In 34 p-LOCi NAtION 43 "00 10 00T-S'T INGOT NU.i uJ *;

_________________ HAT' TREATNElIT
CARDOI3ItZE, 001q40"6110 NORMALIZE HARD"- DORAW _________
rieM#TIir !RMP 'THI ATTINý Ta' T it Af rý0~ PWe VtI Al vaul' i~M IMAt lri*( COOLAIIT

NEA-T 100. INAOT $LAO PLATE I IOTICK 15111 299 1NO ACTUAL UNN HEAT- TREATED~ FRACTUNEC

PN$IAL PROPERTIES AIIPMCI~E~O
CHARPY _ ____ _ __... 10 04PI O ETIO

R ;;~ PA sm,4 LT LL221-OL~SIE x 6-0 X 1' BHN RANGE 3.21-/3
i.2PLAME SHIPPED ON W, LT LL221 bk~ i Iz8IE 1 X 60 X 1' MN* RANG 23/2

________________ ALL ISTic UP$ WCORD
Tf$T PXUIRI kf 411L" TOMAPA

9 kl.- Vat moo______t

-L

u __A

-""o - w-"m -t1o

PR --- FAILV SIGATR-

- - .~~-2 - - -

k -14 -s -o -vwt"(sbo*W et Wwqb~sJh(d ors-W



A-

Ft . O flN•J-i , , ORO#IA'll:E IiPrA IItNdT

00 ',*9 ARNOR DATA CHIECK SHEET'*" DET'ROIT AR•:tkAL
I P-'1. 2

MFG. RECOWO NO, " " -PA .-. PRIMAR- C F RI1,G RECOqO NO,

, LUKEN. STEEl. ?,PHALA. ORD. OISTRiCT FIRiNGC DATE
: DPi:ESs COAO-ESVILLE_ PA* I128 N. BROAD ST." T

r•iAE... - .... PHILADELPHIA 2, PA. TEVISioM AtENIEIT
SHIPffD ToABEADEYN. CikITRA93 TYPE A. YPTAROR: oX FH
SHRIPIKD V W. TRK X DA636oQ3O4."ORD-..2525RD ,AST RO.LLDO FORGED

_" ..- • W: FILE# 2525 R,,D- ELECT.

S SAMPLE; PRY WTESJT WASTI% ORDNANCE DISTRICT BASIC ACID.•' . . .. ... .. . ' ; ... ... . . .(OR ARSE IN A L) .... -: " - - .,;

PRE PIUNTS 9,000 LOS. (00LAORSEDAL SiTEEL SOURCE LUKENS STEEL CO.,' ~~~~~~~IPHILA* ORD* DISTRICT I... .... ::a: -..... ...

CASTING 11Q, MATERtAL FOR USE 09I
___RESEARCH _*DEVELOPMENT

CHIEMICAL COOPOSIT160 1't'EL NILL FRACTURE DATA

ý Hnp Cr #1 go LOCATION f ST 1040T MID. IWGT LAST INGOT

=~ 0 21 TOP
• --- - - -. . - -... -.... N I• o DO A- .. . A [.A.jA, I,

" = :;"- -• -- -... :,•' I I - " ,,, : BeTT O. _ _ _ _ _ ";: ... ' : . ..... .... . . . . LI&

"__ NHEAT TREATHEIiT

CAR1UNIZE MON I NORMALIZE NAr•EU DRAW I __________

iý7 1 TE P T~ Il TT0 Tm TT~fTPITM
' ' 'I . ... •T EML T AT TEMP T TI'E AT T EN " TP T I N AT TguP TEP to ,e AT TEMP COOLANT

HS!AT ,0, 10GOT SLAI rLATn .0. TIC9 SIZE !EQ DMN' ACTUAL Ilik MEAT TPLATED FRACTUR "

PHYS tCAL PROPERTIESC

O. r ...... AI .. .A rn. . .M RADIOAPH_ IC INS__PECTION

TEMP TLO L0 S 0TA A41 PASSED 0" FAILED

3

"R ý PLAT I •P!D P 221 -2 SIZE -.. EX 6,X I BSHN RANGE 2N5255'
) PLATES SNPPED ON MELr LL221 S-t IZE 8Ur4 X 60 X 1" BHN RANGE 241/255

__".*_ RugsV~yA 'we ).B W W4,~

IALLIITiC TEST RECORD
I 4EST F'lIW tCTi LE 01L.16 ' S, !lql, Tj.T 43 K"l'•rdL 0E1 !KS

SVEL. ¥1EL.

iiizI I I i - - -1 -II i I L . t l i1 : -: . .

ritow01 FGI LITY 41I;IIATUIIES,

F-3

ft b fia IIto on ty~oillotr (orkm Mchoill ev &y A*# i(Esw Iudio fish (fdw imraetr4.eio)-
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CON FIDSNTIAL

1331891: Plate No. 1, I~AT No. LL-22io4 1-1, Bhn Range ý51/3k75. rr
View. Detonated at ..300F.

G-2

CONFIDENTIAL



CONFIDENT!IAL

B3189,0: FJlate No. 1, FLAT No. IL-22104 1-1, Urn Range -3511/375. Rear
View. Detonated. at -30C'F.

CONFIDENTIAL



CONFIDENTIAL

:31i392: Plate No. 7, HEAT No. LT-.-22lo4 1-?, Bhn Range 321/3 1. rot
Viev. Detonated at -300F.

G-3

CON FtDENTIAL



CONFIDENTIAL

4ý

B3193:rlae N - , HAT o 2-lo i . Rnge121/321. Rear

CONFIDENTIAL



CONFIDENTIAL

B3.1594: Plate No. 8, HE~AT No. LL-.221o4 1-2, Bhn ia 321/321. -~
View. Detoriatca at -POPF.

G-5

CONFIDENTIAL



CONFIDENTIAL

B318~95: Plate No. 8, HEAT No. 22104 1-2, Thn ItuiCe T321/321. Front

View. Det~atcd at -200F..

CONFIDENTIAL



CONFIDENTIAL

14

B31896, Plate No. 14, No. LL-22104 2-2, Thn Rlange 255/255. Pear
View. Detonated at -20 0 F.

G -7

CONFIDENTIAL



CONFIDENTIAL

View. B3q1:9* 1- 4 pte Ilo 14, IMAT No. LL-22104L~ 2-2, ~Mi Range 255/255. Front

G -C

CONFIDENTIAL



CONFIDENTIAL

_M,1

-V 1i

%

I9

4v 4
,>r W

B318393: Plate No. 15, M-L No. LL-2210)4 2-1, Bhn Thrnge 241/255. rront
Viewj. Detonated at- -3F

CONFIDENTIAL



CONFIDENTIAL

D31899: Plate No. 19, J-IY'ý ITT- .9OC9C 3.: , Bln -,a~nF~e •2. Front View.-
Detortatccd at 30 0F

CONFIDENTIAL



CONFIDENTIAL

4A

K ~4P

-4

B'1W Plate No.19 BETN.10-3-, h Rag 26. urViw
Detoruited. at -- 0O

CONFIDENTIAL



CONFIDENTIAL

ýlp.

I I .toŽ~ -1; A RNt o. 19C'26 3-D3, Bhn Rlange R~ Iear Vie-w.

CON~FIDENTIAL



CONFIDENTIAL

B3ý-j19 02: Plate N1o. 21,, HEAT No. 19026 3-B) Mhn Range 262. Front View.
Detonated. at -.30P'Fý,I

G-13

CONFmIDEn 1TIALI



CONFlIDENTIAL

-A

4"4
,) VU

B3103 Uale o. 1, HAT N. L-22o 2-, h ag'2125 rn

VýLew-W Dooatda -0

4' - -4
CONFIDENTIA



CON FIDENTiAL

Al

c~ok

414

B31904; Plate No. 16, HEA.T No. LL-22104+ 2-.1) Birn Reanee 2 /5. R~ea r
View. Detonated. at -20 0 F.

CONFIDENTIAL



CONFIDENTIAL
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B3J7n.55: ?late ITo. 17, �AJ! I-To. IL-22104 2-1, Blrn Range 2�i.1/255. Rear
View� &tousatod z#.t -100E'

0-13

CONFIDENTIAL



CONFI DENTIAL



CON FIDENTIAL

4 0 ,7 ~'.tA~3L

AET:'

6i~

a 9,

B31507:~~~~~~~ Pltoo 1,RA 1.L-20412 h aie3 31 ra

Viw C'-)nrýC at %.200F



CONFIDENTIAL

14*

B398 Plt 110 - ETN .L -21411,BnRge'ý 
rn

03 
7~~

" V l e w D e o n t e a t~ -1 P



CONFIDENTIAL

ICY,

7- -1 ~~

IN'

Bý31r)09: Pla.te Nou 9, HEJBAT fo. IL-2,,-1O4 1~-3; Fjhr %Wce -9313,21. Front
ViQw. Dvt~onated. at -,2rOF.



CONFlIDENTIAL

441t

$-pal N!C

Inn

C, --- I O n

M4-

B311)lO0: Plate No. 3. HEAT No. LL-22104i 1-1, Blin Range 35/7.Front
View. Detonated at -10 0 F.
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CON FIDENTIAL
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COINFID"E NTIA L

1 A

,44' 4 / X?44

2 'A "A'~''Ole-
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View.~~i rito6.lat



CONFIDENTIAL
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CONFIDENTIAL
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B";12�'a: I�I�tt� �c. !2, IIZAT iii. 1)02u 3-B, Bhn F 'nge �2. � View.

CON Fl DENTIAL



CONFIDENTIAL
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CONFIDENTIAL

1V

Bl3125: Plat& No-~ '0, WCA Nto 1, K 0 3-B, Bn A*.?e RK.iear View.



CONFIDENTIAL

T,3135'-2: Plate 710. 2-0, HE~AT No. 1'Q( -Bo Bhn Ran~ge 2.Fro-t 7hew.
Detorn-tcl .-.t -41 F

G-31



CON FIDENTIAL

BTfb5-3: Plate No- 1.32 REAZ'- No. LL-.,21,o4 2-2, Bhn ?1t-nge 2.15/255. Front
V i.~. Detonauted at -~F



CON FIDENTIAL

B31654: Plate No. 13, W- Ito UL-22104+ 2-2,9 18n itange 255/255. Rear
View. Detonated at -2O01v

0-33



COM.'FoIDENTIAL

B31855: Flawe No. 12, HEAT No. 11-22104+ 2-2, Bhn R~ange 255/255- Fimnt
Vi~w. Deton~ate~d at -30 0 F.



CON FIDENTIAL

B318.t56: Plat-e No. 12, HM No. LL-221o 4, Ihn Rainge 255/255- Rear

Vie~w. Detonated at -30 0 F.



CONFIDENTIAL

33i-;,l3'T: 1ilate No. 10, HEAT lJo. LL 122104 1 -3 Phn Range 293/321. Front
lV 1e-:. )"Awt')eacJ at- C'F

C-36



CON FIDENTIAL

Bs31858~: Plate No. 10, IMAT No. LL-2;21O0i 1-31, 3mn Range 293/321. Hear
View. Detonated at -200F.

0-37



CON FIDENTIAL

B31859: Plate No. 6,EIAT No. LL-22104 2-3, amn Range -451/375. Front
liew. Dletonated at 00 F.

G-3e



CON FIDENTIAL

13180:1'x~e o.6,HEAT !To. UI-222104i :2-3, Mhr, R CiflL 351/-375. Rear
Vie D;. etcorited at 020F.



CO N F"nE N4`7I AL

N v'

AkA

B21861: Plate No. 21, HEAT No. IIA2242.10 2-3.. Ila IRanc 351/375. Rear
View. Detonatel~ at -.300F. n

G-14c



CONFIDENTIAL

A!-

- R.9" 'I, jl

B31862., Plate No. 2, ¶A o.Ua2o2-3, Thn Range 351/375. Frowt,

View.Detonated, at -300F.

G-41 -


